Fusion of hypoxanthine phosphoribosyltransferase (HPRT)-rat hepatoma cells with HPRT+ human fibroblasts yielded hybrid clones that grew in HAT selective medium and contained all the rat chromosomes and one to nine human chromosomes. Among the retained chromosomes was the human X chromosome. In all clones backselected in medium containing 8-azaguanine, human X chromosome was absent. Electrophoretic analysis revealed that, without exception, hybrid clones growing in HAT medium had an active HPRT enzyme, either human or rat, or both. When these clones were backselected in 8-azaguanine, they did not show HPRT enzyme activity. Hybrids that contained the human X chromosome also had human glucose-6-phosphate dehydrogenase. The observed reexpression of rat HPRT in hybrid cells derived from HPRT-rat cells suggests that a genetic factor from the human cell determined the expression of the rat structural gene for HPRT.
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Fusion of mammalian cells and subsequent propagation of progeny hybrid cells in selective growth-limiting media provides an excellent basis for study of gene expression. During cultivation of hybrid cells resulting from fusion of human cells with those of mice, hamsters, and rats, there is a unidirectional loss of human chromosomes (1) (2) (3) . This loss results in segregation of human chromosomes in different clones (4) .
In most instances human and rodent chromosomes can be identified by cytogenetic analysis (5, 6) , while the products of many genes can be distinguished by electrophoretic (7) or immunological analysis (8) .
After fusion of chick-embryo fibroblasts with hypoxanthine phosphoribosyltransferase(HPRT)-deficient mouse cells, Bakay et al. (9) observed restoration of murine H1PRT activity in cell clones grown in HAT selective medium that apparently did not contain chick chromosomes (9) . It was therefore of interest to examine HPRT enzymes in hybrid cells that contained chromosomes of both parental cells. For this purpose we fused HPRT-deficient rat hepatoma cells (3, 10) with human diploid fibroblasts (11) , and examined the hybrid clones that grew in HAT selective medium (12) for Giemsa chromosome-banding patterns and HPRT isoenzymes.
Abbreviations: HPRT, hypoxanthine phosphoribosyltransferase; APRT, adenine phosphoribosyltransferase; G6PD, glucose-6-phosphate dehydrogenase; HAT medium, hypoxanthine-aminopterin-thymidine medium. Reprint requests should be addressed to Carlo M. Croce, The Wistar Institute, 36th and Spruce Sts, Philadelphia, Pa.
MATERIALS AND METHODS
Cell Lines. FU5AH cells were derived from the FU5 rathepatoma cell line (10) . These cells are resistant to 15 (11) .
Cell Fusion. Cells were fused with inactivated Sendai virus as described (13) . Hybrids were selected in HAT medium and cloned (14) . and WI38 cells and subjecting the mixture to electrophoresis.
RESULTS
The FU5AH-WI38 hybrids contained most of the 52 parental rat chromosomes and one to nine human chromosomes, which were clearly distinguishable by Giemsa banding staining (14) . At the time of isolation of hybrid clones in HAT medium, these cells contained one human X chromosome ( Fig. la) . However, during subsequent cultivation, some of the hybrid cells lost the human X chromosome (Fig. lb) . The possibility that a small fragment of the human X chromosome may have been translocated to other chromosomes cannot be excluded. Whether or not the hybrid clones selected in HAT medium contained the human X chromosome, their backselection in 8-azaguanine medium yielded one colony per 102 cells seeded. Cells from these colonies without exception did not show the presence of human X chromosome. Isoenzyme Profiles. Representative profiles of the HPRT and APRT isoenzymes of the FU5AH and WI38 parental cells, of normal rat fibroblasts, and of a mixture of FU5AH and WI38 cells are shown in Fig. 2 . The APRT enzyme assay served as an internal marker of the electrophoretic migration and the size of the sample. The profiles found in hybrid clones growing in HAT are shown in Fig. 3 .
Parental FU5AH cells contained no HPRT activity. Their APRT enzyme formed a symmetrical peak at about 78 mm along the gel. In some instances FU5AH cells yielded profiles with broad zones of APRT activity with two to four components. In extracts of cells grown in culture the presence of more than one component using adenine has been observed before (18) . Extracts of WI38 cells produced a single, relatively narrow symmetrical peak of APRT activity at 87-mm distance and a notably broader peak of HPRT activity at 60 mm. These two peaks were located at exactly the same distance along the gel as in profiles of freshly cultured human skin fibroblasts. Quantitatively, the amount of activity per cell of HPRT and APRT of WI38 cells was equal to that usually observed in human skin fibroblasts.
HPRT of control rat cells had a distinctly faster rate of anodal migration than that of the human enzyme, forming a peak at about 70 mm along the gel, about 10 mm beyond human HPRT. In contrast, APRT of rat cells migrated slower than human APRT, forming a peak at about 78 mm. This position corresponded to the location of APRT in FU5AH cells. These profiles indicated that the human and rat forms of the phosphoribosyltransferases are readily distinguished. In the mixture of FU5AH and WI38 cell extracts, the human and rat APRT enzymes were well separated. There was only one HPRT peak in the profile of the mixed sample. Its location corresponded to that of the enzyme found in the profiles of WI38 cells. No activity was evident in the region of the rat HPRT. This experiment excludes the possibility that, as reported elsewhere (19) , activation of rat HPRT in a cell mixture with normal human fibroblasts has occurred (19) .
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Extracts of W138 cells contained the B variant of G6PD, which migrated at the rate of the normal human enzyme (Fig. 3) . G6PD of FU5AH cells migrated notably faster and was, therefore, easy to identify. The presence of this enzyme in the FU5AH cells was rather surprising in view of previous reports on its absence in the FU5 cell line from which FU5AH is derived (10) and merits further investigation.
Of the 15 hybrid clones grown in HAT medium (Table 1) , eight contained human HPRT, one contained human and rat HPRT, and six contained only the rat enzyme (Fig. 4) . Many of these hybrids yielded rather broad zones of APRT activity in which there was overlapping of the areas of the human and rat enzyme, and it was not possible to be sure whether the APRT in these profiles was human. All clones that showed human or both rat and human HPRT, with the exception of subclone 111, contained human and rat G6PD. Subelone 111 did not show any human G6PD and did not contain the human X chromosome. Six of the clones with only rat HPRT showed only rat G6PD, with the exception of clone 112 which also contained small amounts of human enzyme activity.
All clones that were backselected in 8-azaguanine had no HPRT activity. They contained rat G6PD. Their APRT was variously rat, or rat and human.
The biochemical findings were consistent with the results of cytogenic analysis. Clones that contained human X chromosome also contained human HPRT and G6PD. However, clone 112, which apparently had no human X chromosome and lacked human HPRT, did display a small amount of human G6PD.
DISCUSSION
Our results indicate that cells of several hybrid clones derived from the fusion of rat HPRT-deficient cells and normal human fibroblasts showed rat HPRT activity. These clones showed the presence of several human chromosomes and, therefore, represented true hybrid cell lines. Moreover, their backselection in 8-azaguanine medium resulted in the growth of HPRT-negative cells at a very high frequency. In addition, we never observed a reversion of the parental FU5AH cells in HAT selective medium. Furthermore, production by hybrid cells of an enzyme with electrophoretic mobility identical to that of the rat enzyme indicates that the structural gene for HPRT in FU5AH cells was normal. It should be emphasized, however, that this enzyme was produced only in the presence of human genetic material, identified as such by karyological analysis. There are several mechanisms by which expression of normal rat HPRT in the hybrid cells could occur. One possibility is that a silent or inactive X chromosome of the rat cell may be activated in hybrid cells. This seems highly unlikely, however, as cell fusion is incapable of inducing activation of the inactive X chromosome (20) .
The most likely explanation of these observations is that human genetic material in the hybrid clones contributes some factor that regulates the expression of the rat structural gene for HPRT. It is not possible to determine if the defect in FU5AH cells is at the level of an activator gene. However, when complemented by the genetic material of human W138 cells, some of the human-rat hybrids resume production of normal rat enzyme.
Apparently the activator of the rat structural HPRT gene is not on the human X chromosome, since rat HPRT was not detectable in many clones containing human X chromosome and human HPRT and G6PD activities. In addition, several hybrid clones displaying rat HPRT activity did not contain human X chromosome and human HPRT and G6PD activity. The continuous presence of human X chromosome may not be necessary, however, for survival in HAT medium of hybrid cells in which the rat activity has been once expressed. We do not know which of the human chromosomes is involved in regulating the expression of the rat HPRT structural gene.
Deficiency of HPRT activity may be due to a defect not in the structural gene for HPRT but in an activator of its synthesis in two established lines of rodent cells in culture: murine 1 R (9) and A9 cells (21) . Rat FU5AH hepatoma cell appears to have a similar type of defect. These cell types were derived by selection through exposure to a purine antagonist that requires HPRT in order to be cytotoxic. It may be that this is a general mechanism for all cell lines of this type. More importantly, it may represent the way in which human leukemic and other neoplastic cells develop resistance to purine antagonists used in cancer chemotherapy. 
